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We propose a revised standardized nomenclature for endogenous mouse mammary tumor viruses based on
characterization by molecular cloning techniques and genetic segregation data.
Within the last 5 years, studies on the endogenous mouse
mammary tumor viruses (MMTVs) have greatly expanded
our knowledge of the different proviral genes in inbred and
feral mice. However, the absence of generally agreed-upon
designations for these genes has created some confusion in
the literature. Problems arise in naming newly defined genes
as well as in referring to known genes with as many as six
different designations. Furthermo're, the accurate identifica-
tion of discrete loci has been hampered by several factors.
(i) The conventional use of the restriction enzyme EcoRI
has complicated the characterization of individual loci, be-
cause this enzyme produces two cell-virus junction frag-
ments for each full-length provirus. Early attempts to pair 3'
and 5' fragments derived from individual loci used represen-
tative cDNA probes which failed to distinguish the 3' and 5'
proviral ends by hybridization. Furthermore, these studies
were based largely on comparisons among inbred strains of
mice, often without the support of clear-cut genetic segre-
gation data.
(ii) While there are generally few endogenous MMTVs per
haploid genome, a number of different proviral genomes
produce cell-virus junction fragments of approximately
equivalent size which are not always distinguishable on
Southern blots.
Because of inconsistencies which have become estab-
lished in the literature, we have jointly agreed upon a revised
nomenclature for the endogenous MMTVs. The nomencla-
ture we describe here is based on the following guidelines.
(i) It is in agreement with the nomenclature rules estab-
lished for mouse genes (Committee on Standardized Genetic
* Corresponding author.
Nomenclature for Mice, Mouse Newsl. 72:2-21, 1985) and is
basically an elaboration of the Mtv- numerical system cur-
rently favored by most researchers in the field.
(ii) It includes only proviral loci which have been de-
scribed in published studies and which have been molecu-
larly cloned and characterized or which have been clearly
distinguished from other proviruses by chromosomal map-
ping or independent assortment in classical segregation
analysis.
MMTV proviral genes. Table 1 shows the proviral genes
with their known chromosomal locations and inbred strain
distributions. Table 2 shows the commonly used inbred
strains and all of the MMTV proviral loci they contain.'The
EcoRI fragments which define each provirus have been
identified by using data from genetic studies with hybrid
mice or somatic cell hybrids or, alternatively, from strain
comparisons with flanking sequence probes. There are con-
siderable variations in the size estimates made by different
laboratories in referring to the same EcoRI fragments, de-
pending to a large extent on'the standards used and the
efforts taken to avoid electrophoretic anomalies. The sizes
given in Table 1 for each fragment are based on the com-
monest usage in the literature, and the numbers should not
be regarded as true sizes.
Briefly, the Mtv proviruses included in Table 1 are as
follows.
Mtv-1, Mtv-2, and Mtv-3. These were the first endogenous
MMTVs to be identified and were originally described by
their association with virus gene expression and tumorigen-
esis. Mtv-1 is expressed as an infectious virus and is asso-
ciated with late-occurring tumors (26, 28). The expression of
virus from Mtv-2 is also associated with tumors, but these
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TABLE 1. Characteristics and chromosomal locations of MMTV proviral loci
Size (kb) of EcoRI Chromo-
Genetic Former fragments a
designation designation(s) (reactivity with location
MMTV probes) lcto
Mtv-l Unit V 6.5 (5') 7 DBA, C3H/He, C3H/An, C3H/Seb 10, 17, 24, 26, 28
4.5 (3')
Mtv-2 6.9 (5')
11.0 (3')
Mtv-3 Mtv-18 17.4 (5')
6.9 (3')
0.9c
18 GRS
11 GRS
11, 27
9, 11, 13
Mtv-6 Unit I
Mtv-19
Mtv-7 Unit Ia
Unit IV
Mtv-19
Mtv-1O
Mtv-8 Unit II
Mtv-16
GR40
Mtv-9 Unit III
Mtv-l I Unit VII
Unit VI
Mtv-7a
Mtv-12
Unit lb
16.7
16.7 (5')
11.7 (3')
7.8 (5')
6.7 (3')
7.8 (5')
10.0 (3')
15.0 (5')
5.8 (3')
16 BALB/c, CBA, A, C3H, DBA
1 C3H/Bi, C3H/Ki, C3H/Smd, DBA, NFS, GRS
6 DBA/2, BALB/c, STS/A, RIII, CI3A, AKR, A,
BR6, GRS, C3H, NFS, C57BL
12 BALB/c, CBA, C57BL, AKR, NZB, C3H/Bi,
C3H/Ki, C3H/Smd
14 DBA/2, C3H/He, C3H/An, C3H/Seb
1, 2, 5, 9, 14, 15, 20, 24
5, 9, 11, 18, 24
2, 3, 5, 6, 12, 15, 24
1, 2, 15, 18, 23
5, 9, 17, 19, 20
Mtv-13 Unit VIII
Unit VII
Mtv-lI
9.0 (5')
5.8 (3')
4 DBA/2, NFS, A
Mtv-14 Unit IX
Mtv-17 Unit IV
Mtv-1O
Unit XI
Mtv-20
Mtv-15
1.7
10.0 (5')
8.3 (3')
DBA/2, C3H, GRS,CBA, CE, NZB, NFS
4 DBA/2, C57BL, AKR, NZB, BR6, C3H/Bi,
C3H/Ki, C3H/Smd, GRS, NFS, DDSio, C58
5, 9, 11, 20, 24
5, 9, 11, 15, 16, 18; J.-N.
Yang, R. T. Boyd, P. D.
Gottlieb, and J. P. Dudley,
Immunogenetics, in press.
Mtv-20 Unit B
Mtv-21
13.0
5.3
8.0 (5')
8.1 (3')
8 BR6
a Substrains are listed only where differences exist.
b Previously C3H/HeSed.
c Internal fragment reactive with 3' env sequences.
d Previously C3H/StWi.
I Not in C57BL/10 or C57BL/6 nor in all colonies of C57BL.
occur early in life and are pregnancy dependent (27). The
provirus at Mtv-3 does not produce infectious virus, only
internal virion proteins (13). Molecular techniques have now
identified the proviral sequences at these sites (2, 10, 11, 24).
Mtv-6. This provirus was originally identified as endoge-
nous Unit I and was clearly shown to be subgenomic despite
residing on a 16.7-kilobase (kb) EcoRI fragment (2). This
fragment maps to chromosome 16 and hybridizes strongly
with a long-terminal-repeat probe (1). It is also reported to
hybridize weakly with env and gag probes but not at all with
a pol probe (14, 15). Some workers have suggested that
Mtv-6 may be a reverse transcript of, or the template for, a
subgenomic mRNA from the open reading frame in the
MMTV long terminal repeat (1).
Major confusion has arisen over this locus. At least two
other proviral genes, Mtv-7 and Mtv-JJ, yield comigrating or
closely migrating EcoRI fragments (see below), and it has
also been suggested that some mouse strains contain addi-
tional proviruses which generate 15- to 17-kb fragments. For
example, for BALB/c mice, which lack both Mtv-7 and
Mtv-1l, some workers have reported a doublet in this size
range reactive with viral long-terminal-repeat sequences (4).
5, 9, 12
C57BLe 25
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TABLE 2. MMTV proviral loci of common inbred strains
Strain Mtv proviruses
A/St Mtv-6, -8, -13, -23a
AKR
BALB/c
BR6
CBA
Mtv-8, -9, -I17, -22as 23a
Mtv-6, -8, -9
Mtv-8, -17, -21
Mtv-6, -8, -9, -14
C3H/He, C3H/An, C3H/Se
C3HMBi, C3H/Ki, C3H/Sm
C57BL/6, C57BL/10
C57BL
DBA/2
GRS, STS
NFS
NZB
Mtv-1, -6, -8, -11, -14
Mtv-6, -7, -8, -9, -14, -17
Mtv-8, -9, -17
Mtv-8, -9, -17, -20b
Mtv-1, -6, -7, -8, -11, -13,
-14, -17
Mtv-2, -3, -7, -8, -14, 17
Mtv-7, -8, -13, -14, -17, ?c
Mtv-9, -17, -22a, -24a
a Provisional.
b Not in all C57BL mice.
c Some but not all NFS mice contain at least one additional proviral locus
detected in BamHI digests, but the corresponding EcoRI fragment(s) comi-
grates with other bands (5).
However, there is no other evidence that BALB/c mice
contain a second provirus producing a fragment of this size.
Other researchers have speculated that a discrete proviral
gene generating a 16.7-kb fragment is present in C3H/He
mice (19). However, since this proviral locus has not been
shown to be distinct from the Mtv-11 provirus also carried by
C3H mice, it is not presently listed as a separate proviral
locus.
Mtv-7 is composed of a 5' 16.7-kb and a 3' 11.7-kb
fragment (5, 10, 15, 18). It is located on chromosome 1 (9, 11,
24). Previous studies had mapped a 16.7-kb fragment to
chromosome 1 as Mtv-7, and the 11.7-kb fragment was
formerly thought to be associated with a 10-kb fragment in a
locus designated Mtv-10 and also mapped to chromosome 1
(24). However, this 10-kb fragment is now known to be
derived from the locus designated Mtv-17 (see below), and it
is now clear that chromosome 1 contains only a single
proviral genome, Mtv-7.
Mtv-8, previously referred to as Unit II (2), is probably the
best-characterized endogenous MMTV provirus. It is car-
ried by most inbred strains, and it has been cloned by several
investigators and analyzed by transfection and DNA se-
quencing (6, 20, 21). From the strain distribution and restric-
tion mapping data, it also appears that Mtv-8 is identical to a
locus designated Mtv-16 or GR40 in previous reports (6, 23).
Mtv-9, previously called Unit III, is less well character-
ized, but both the 5' and 3' junctions have now been cloned
(15). The 3' fragment is 9 to 10 kb in size and has occasion-
ally been mistaken for other fragments of similar size (e.g.,
the 5' end of Mtv- 7).
Mtv-J1. This designation was originally used to describe a
5.8-kb EcoRI fragment which was thought to represent
either a partial provirus or one which lacked an internal
EcoRI site (24). Mtv-12 was used to designate a 15-kb EcoRI
fragment again thought to represent a defective or deleted
provirus (24). However, various studies now indicate that
the 15.0- and 5.8-kb fragments constitute a single provirus (5,
9, 17, 20). Prakash and colleagues (19) cloned a large 5'
EcoRI fragment of C3H/He mice and, using a unique
flanking sequence probe, demonstrated that it is located on
chromosome 14. Their further suggestion that this fragment
is linked with a 5.8-kb 3' end indicates that the cloned
fragment represents the 5' end of Mtv-11, rather than a
distinct C3H/He Unit I (16.7-kb) provirus as originally
thought.
Mtv-13. The 9-kb EcoRI fragment was originally also
described as a partial or defective provirus, but at least two
studies now show that it is part of a full-length provirus
which has been mapped to chromosome 4 (9, 11, 12). The 3'
end of this provirus produces a 5.8-kb fragment. Thus, two
proviruses, i.e., Mtv-11 and Mtv-13, both produce a 5.8-kb
EcoRI junction fragment. This 5.8-kb fragment was origi-
nally thought to represent a single defective proviral gene
(24).
Mtv-14. This provirus produces a single subgenomic frag-
ment of 1.7 kb. Its chromosomal map location is unknown.
The data for its original linkage to chromosome 6 near Ly-2
by using recombinant inbred lines was not statistically
significant (22, 24), and a subsequent attempt to confirm this
location with backcross mice was unsuccessful (20).
Mtv-15 and Mtv-16. The proviruses assigned these desig-
nations are identical to previously identified proviruses.
Mtv-17. A 10-kb EcoRI fragment is known to be the 5'junction associated with a 8.3-kb 3' end in the locus desig-
nated Mtv-17 on chromosome 4 (5, 9, 11). A 10-kb fragment
was previously erroneously thought to represent three pro-
viruses: Mtv-9 (see above); a partial proviral gene designated
Mtv-15, now defunct; and the 5' end of a full-length provirus
with an 11.7-kb 3' end, which was assigned to chromosome
1 as Mtv-10 (also defunct). The correctly defined 8.3- to
10-kb proviral locus has been referred to as Mtv-10, Mtv-17,
and Mtv-20 in various publications (5, 11, 16, 18). Here we
use the designation Mtv-17 since this was proposed when the
3' end of the locus was first molecularly cloned and it avoids
the errors associated with the characterization and chromo-
somal mapping of Mtv-10.
Mtv-20. This provirus is found in some, but not all,
colonies of C57BL mice and is not carried by C57BL/6 or
C57BL/10 mice (25).
Provisional MMTV proviral genes. In addition to the 13
proviruses listed above and in Table 1, a number of studies
have described other Mtv proviruses for which supporting
data is limited to studies of tumor incidence and virus gene
expression or to strain comparisons with viral probes. None
of these genes has been molecularly cloned, analyzed with
probes derived from flanking cellular sequences, or shown to
assort independently of known genes in genetic crosses.
Therefore, these gene designations are considered provi-
sional, and they have not been included in Table 1.
Mtv4 refers to a single genetic locus of the inbred Swiss
mouse SHN, which controls the production of infectious
virus and the occurrence of early mammary tumors (8).
Although this locus is phenotypically similar to Mtv-2, SHN
mice lack the characteristic Mtv-2 Eco RI fragments. It has
not been determined which of the restriction fragment(s)
detected in this mouse comprise Mtv4.
Mtv-5. SL/NiA mice contain a genetic locus designated
Mtv-5 associated with expression of the viral gag gene but
not with expression of the env gene (7). The EcoRI frag-
ments associated with expression of this gene have not been
identified.
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Mtv-18. This designation has been used for two different
proviral genes. The first is now known to be identical to
Mtv-3, and the second was recently identified as a novel
9.2-kb fragment present in the single recombinant inbred
strain CxBJ (J. Hilgers and R. Michalides, Mouse Newsl.
70:63-64, 1984). This fragment is absent from the progenitor
strains BALB/c and C57BL/6 and from all other recombinant
inbred strains produced from these mice. It may represent a
recent germline integration but has not been analyzed fur-
ther.
Mtv-22 through Mtv-25 were defined from strain compar-
isons by the use of viral probes (15). Mtv-22 is composed of
17.0:kb 5' and 11.5-kb 3' fragments and has been detected in
AKR and NZB mice. Mtv-23 is composed of 11.8-kb 5' and
4.6-kb 3' fragments and was detected in AKR and A/St mice.
Mtv-24 and Mtv-25 were found in the European strain
DDSio. Mtv-24 is composed of a 20-kb 5' and a 6.6-kb 3'
fragment and is also carried by NZB mice. Mtv-25 is
composed of 5.9-kb 5' and 6.1-kb 3' fragments.
LITERATURE CITED
1. Callahan, R., D. Gallahan, and C. Kozak. 1984. Two genetically
transmitted BALB/c mouse mammary tumor virus genomes
located on chromosomes 12 and 16. J. Virol. 49:1005-1008.
2. Cohen, J. C., and H. E. Varmus. 1979. Endogenous mammary
tumor virus DNA varies among wild mice and segregates during
inbreeding. Nature (London) 278:418-423.
3. Diggelman, H., A. L. Vessaz, and E. Buetti. 1982. Cloned
endogenous mouse mammary tumor virus DNA is biologically
active in transfected mouse cells and its expression is stimulated
by glucocorticoid hormones. Virology 122:332-341.
4. Dudley, J., and R. Risser. 1984. Amplification and novel loca-
tions of endogenous mouse mammary tumor virus genomes in
mouse T-cell lymphomas. J. Virol. 49:92-101.
5. Gray, D. A., E. C. M. L. Chan, J. I. Maclnnes, and V. L.
Morris. 1986. Restriction endonuclease map of endogenous
mouse mammary tumor virus loci in GR, DBA and NFS mice.
Virology 148:237-242.
6. Hynies, N. E., N. Kennedy, U. Rahmsdorf, and B. Groner. 1981.
Hormone-responsive expression of an endogenous proviral
gene of mouse mammary tumor virus after molecular cloning
and gene transfer into cultured cells. Proc. Natl. Acad. Sci.
USA 78:2038-2042.
7. Imai, S., and J. Hilgers. 1979. Levels of mammary tumor virus
proteins (MTV p27 and MTV gp52) in the milk of low and high
mammary cancer strains of Japanese origin compared with
European and American strains. Int. J. Cancer 24:359-364.
8. Imai, S., Y. Tsubura, J. Hilgers, and R. Michalides. 1983. A new
locus (Mtv-4) for endogenous mammary tumor virus expression
and early mammary tuinor development in the SHN mouse
straih. JNCI 71:517-521.
9. Maclnnes, J. I., V. L. Morris, W. F. Flintoff, and C. A. Kozak.
1984. Characterization and chromosomal location of mouse
mammary tumor proviral loci in GR, NFS, and DBA mice.
Virology 132:12-25.
10. Michalides, R., R. Van Nie, R. Nusse, N. E. Hynes, and B.
Groner. 1981. Mammary tumor induction loci in GR and DBAf
mice contain one provirus of the mouse mammary tumor virus.
Cell 23:165-173.
11. Michalides, R., R. Verstraeten, F. W. Shen, and J. Hilgers. 1985.
Characterization and chromosomal distribution of endogenous
mouse mammary tumor viruses of European mouse strains
STS/A and GR/A. Virology 142:278-290.
12. Morris, V. L., C. Kozak, J. C. Cohen, P. R. Shank, P. Jolicoeur,
F. Ruddle, and H. E. Varmus. 1979. Endogenous mouse mam-
mary tumor virus DNA is distributed among multiple mouse
chromosomes. Virology 92:46-55.
13. Nusse, R., J. de Moes, J. Hilkens, and R. van Nie. 1980.
Localization of a gene for expression of mouse mammary tumor
virus antigens in the GR/Mtv-2- mouse strain. J. Exp. Med.
152:712-719.
14. Pauley, R. J., W. P. Parks, and B. J. Popko. 1984. Expression
and demethylation of germinally transmitted BALB/c mouse
mammary tumor virus DNA in Abelson MuLV B-lymphoid cell
lines. Virus Res. 1:381-400.
15. Peters, G., M. Placzek, S. Brookes, C. Kozak, R. Smith, and C.
Dickson. 1986. Characterization, chromosome assignment, and
segregation analysis of endogenous proviral units of mouse
mammary tumor virus. J. Virol. 59:535-544.
16. Peterson, D. 0., K. G. Kriz, J. E. Marich, and M. G. Toohey.
1985. Sequence organization and molecular cloning of mouse
mammary tumor virus DNA endogenous to C57BL/6 mice. J.
Virol. 54:525-531.
17. Popko, B. J., and R. J. Pauley. 1984. Organization and expres-
sion of mouse mammary tumor virus sequences in normal and
neoplastic C3Hf/HeSed mouse tissues. J. Virol. 52:328-335.
18. Popko, B. J., and R. J. Pauley. 1985. Mammary tumorigenesis in
C3Hf/Ki mice: examination of germinal mouse mammary tumor
viruses and the int-i and int-2 putative proto-oncogenes. Virus
Res. 2:231-243.
19. Prakash, O., C. Kozak, and N. H. Sarkar. 1985. Molecular
cloning, characterization, and genetic mapping of an endoge-
nous murine mammary tumor virus proviral unit I of C3H/He
mice. J. Virol. 54:285-294.
20. Robbins, J. M., D. Gallahan, E. Hogg, C. Kozak, and R.
Callahan. 1986. An endogenous mouse mammary tumor virus
genome common in inbred mouse strains is located on chromo-
some 6. J. Virol. 57:709-713.
21. Salmons, B., G. Knedlitschek, N. Kennedy, B. Groner, and H.
Ponta. 1986. The endogenous mouse mammary tumor virus
locus Mtv-8 contains a defective envelope gene. Virus Res.
4:377-389.
22. Silver, J., and C. E. Buckler. 1986. Statistical considerations for
linkage analysis using recombinant inbred strains and backcros-
ses. Proc. Natl. Acad. Sci. USA 83:1423-1427.
23. Stoye, J., and J. Coffin. 1985. Endogenous viruses, p. 357-404.
In R. Weiss, N. Teich, H. Varmus, and J. Coffin, (ed.), RNA
tumor viruses: molecular biology of tumor viruses. Cold Spring
Harbor Laboratories, Cold Spring Harbor, N.Y.
24. Traina, V. L., B. A. Taylor, and J. C. Cohen. 1981. Genetic
mapping of endogenous mouse mammary tumor viruses: locus
characterization, segregation, and chromosomal distribution. J.
Virol. 40:735-744.
25. Vaidya, A. B., N. E. Taraschi, S. L. Tancin, and C. A. Long.
1983. Regulation of endogenous murine mammary tumor virus
expression in C57BL mouse lactating mammary glands: tran-
scription of functional mRNA with a block at the translational
level. J. Virol. 46:818-828.
26. Van Nie, R., and A. A. Verstraeten. 1975. Studies of genetic
transmission of mammary tumor virus of C3Hf mice. Int. J.
Cancer 16:922-931.
27. Van Nie, R., A. A. Verstraeten, and J. DeMoes. 1977. Genetic
transmission of mammary tumor virus by Gr mice. Int. J.
Cancer 19:383-390.
28. Verstraeten, A. A., and R. Van Nie. 1978. Genetic transmission
of mammary tumor virus in the DBAF mouse strain. Int. J.
Cancer 21:473-475.
J. VIROL.
 o
n
 Septem
ber 12, 2018 by guest
http://jvi.asm.org/
D
ow
nloaded from
 
